electric. The study of the reciprocal'actions of the colloids and the milieu, and of colloids between themselves, constitutes the basis of physical and biological chemistry and the basis of medical dynamics. To study all these facts it is necessary to define the colloids and their properties.
(A) PHYSICO-CHEMICAL PROPERTIES. When examined by the ultra-microscope a human or animal serum, a mineral or natural water, shows first some granulations, big or small, movable or immovable, isolated or massed together. Secondly, some particles more or less brilliant and motionless. Thirdly, some free spaces without apparent structure, separating these different elements. The granulations are the colloids; to the brilliant particles has been given the name of crystalloids; and the free space in which they float is the milieu.
Dr. Graham, disposing these different' elements in a vase, for dialysis-that is to say, in a vase with two compartments separated by a permerable membrane-remarked that the brilliant particles alone passed through the dialysing membrane, whilst the mobile granulations remained on the other side. He called the first crystalloids and the second colloids. As Graham deduced, the crystalloids were dissolved and were forming solutions synonymous with salts; while the colloids were not forming solutions but only suspensions. But to-.day the limit between the colloids and the crystalloids is much less defined. Henri and Mayer have come to this conclusion: " The term colloid as opposed to crystalloid does not indicate a class of particular bodies. There are no colloids, but merely a colloidal state, as there is a solid or a liquid state."
All the corpuscles which are to be found in the solvent (be it in the state of ions or in the state of molecules) are in a state of true solution. Those which form big solid fragments or little drops, visible to the eye or to the microscope, constitute suspensionisor emulsions. There remains between these extreme limits a zone in which the body occurs in the liquid in fragments smaller than 1 a. The particles are no longer visible through the microscope, but as seen through the ultramicroscope they are called ultra-microscopic particles. We say that they are in a colloidal state, characterized by an ensemble of physical and chemical properties. A very large number of different bodies may be found in the colloidal state. We distinguish first the natural colloidsthat is to say, according to Stodel, the bodies which do not dissolve themselves into the solvent, which do not suck it upsuch as pastes, albumin and albuminoids, gelatine, gum, starch, &c.
They are to be found only in the colloidal state and do not exist in any other form in the human or animal organism or in plants. Secondly, the artificial colloids are hardly soluble in the liquid and do not let themselves be penetrated by it. This is the case with all the ultra-microscopic suspensions of insoluble bodies, such as the metallic colloids of Bredig or pseudo-colloids.
Let us now turn to the artificial colloids, the way they are prepared, their principal characters, their experimental study and their therapeutic properties.
Preparation. To obtain these artificial colloids special manipulations are necessary.
(1) Chemical Method.-Slowly precipitate two salts in solution or a salt and an electrolyte. The body which is formed is in the colloidal state. The same occurs if we reduce a solution of the salt of a metal by a solid, a liquid or a gas; a colloid will be formed. In the same way we may dissolve a metalloid with a liquid and again precipitate it by an excess of water, while, as in the case of phosphorus, sulphur, and selenium, a very beautiful colloid is formed.
(2) Electrolytic Method.-Transmit through some water a current of electricity between platinum electrodes. Gold, copper, silver, the most varied metalloids, nay be placed on the positive or negative electrode and will be transformed into the colloid state, the metal in suspense quickly giving a colour to the water.
(3) Electric Method of Bredig.-Between two metallic electrodes in water pass a current of 4 to 30 amperes under 110 volts; the electrodes are pulverized and one will obtain the pure colloidal solutions of Bredig, the metallic ferments of Robin.
(4) Method of Dr. Svedbegq.-This consists in making volatile, metallic or metalloid threads by means of the electric spark in water.
(5) Method of Lancien.-This is of two kinds. M. Lancien first takes Bredig's solution, from which he automatically extracts and pulverizes the colloidal grains by electric sparking of very high frequency. Secondly, for some bodies this author prepares cathodes (metallic or metalloid) which he pulverizes and afterwards dissolves by high frequency. The solutions are made in water, oils, alcohols, &c. One obtains a microscopic grain that may be made visible by the ultramicroscope by means of iodine vapour.
(6) Method of Mr. Crookes.-Mr. Crookes takes a solution of peptone, 2 in 100 parts of water, then a solution of nitrate of silver containing 1 part of silver for 1,000 parts of water. He adds the second solution to the first and produces the reaction. He then exposes the solution to light for a few' hours, puts it afterwards in an oven during twenty-four hours at 1000 F. and then filters. The collQidal preparations obtained by chemical means are a little different from those obtained by physical means. The silver colloidal solution, for instance, prepared by physical means, is said to be purer and richer and to have much smaller granulations, a much more active surface, and consequently much greater therapeutic power. Colloidal preparations present themselves under the form of liquids with colours more or less bright-violet for gold, red-brown for silver, black for platinum and palladium, grey for mercury. Under the ultra-microscope they appear as little sparkling points animated with movements called Brownian.
Brownian Movemnent.-Each particle mnoves in a sort of tremor, without appearing to be influenced by its neighbours. Physicists, Gouy especially, have shown that these phenomena are not due to an external cause. Brown's movements, explained by Gouty and by Dubois and analvsed by the latter before the invention of the ultra-microscope, exist not only in the living body but in inanimate bodiesin the gaseous inclusions of quartz, going back millions of years, as well as in the juice of a plant or in a drop of blood. It is a constant property of fluid in equilibrium.
Size of the Grain.-The-incursion of these movements is without doubt dependent upon the nature of the colloids, and in every case it depends on the size of the grains, and it is in studying this incursion that one is able to determine their size. If one makes an ultramicroscopic kinematograph of a preparation containing 10 cgm. of metalloids for 1 litre in a cell of U mm., a series of pictures. is formed, and the average displacement in 100 pictures measured. This gives the incursion of one grain and its average displacement per second, and by a series of calculations the size of the grain. A more simple proceeding, owed to Siedentopf and Zsigmondy, is to ascertain, when this is possible, the weight of dry substance in suspension in a certain volume of the solution, and the number of granules contained in the same volume. From this weight and this number it is possible to deduce the size of the granules, supposing that they have a spheroidal form.
Adsorption.-The finer the grains of the colloidal solution the greater will be its concentration and the greater its power of adsorption. This property has been particularly studied by Henri and Meyer. Bunsen has shown that, if plunged into water, a pane of glass (after being dried as carefully as possible) has its surface modified and covered with a thin film of water, having 5/100,000 mm. thickness and adhering so strongly to it that it must be heated to 5000 to have the water drawn out. This is the phenomenon of adsorption. This question of adsorption has such importance in biological dynamics that I think it would be useful to speak a little on the subject. Zengon says: " Certain solid bodies adsorbed dissolved substances out of their solutions. Associations which have not the character of usual chemical combinations are produced between the adsorbent body and the adsorbed substance. The substance adsorbed may be a gas or an electrolyte in true solution, or a colloid. These phenomena of adsorption by solid bodies are connected with the surface extent of the particles' of such bodies. Colloids, in the state of jellies, possess a considerable surface development, and are (as shown by a series of experiments), in consequence of their structure, endowed with a considerable adsorbing power. Again, the laws which regulate the adsorption by solid bodies are found again in the adsorption by the colloid jellies. Thanks to the works of Ostwald and of Van Bemmelen we know certain of the factors which intervene in the rnarch of these phenomena of adsorption. If it is true that the chemical nature of the adsorbent body has great importance, the physical state of this body also plays a part in the production of those phenomena. They depend also on temperature and' the nature of the concentration of the bodies adsorbed; on the state of its molecule in the solvent; on the solvent itself, and on the duration of the adsorption." This citation shows that the constitution of the colloid (cell of blood or of organs) and that of the solution play a great part in the variability of the phenomena of adsorption. These phenomena not only form the basis of the physical chemistry of nutrition, but also play a part in the mechanism of infection, of imumunization, and in the different reactions which bring about haemolysis, the production and action of agglutinins, precipitins, and the different elements of the serum.
Electric Sign.-The action of the electric current has also a very important part in the study of colloids. In 1892, Linder and Picton found that if an electric current is sent between two electrodes at the ends of a closed tube containing the colloidal solution, the colloid is removed from one of the electrodes to the other. The experiments of other authors have demonstrated that the speed of the transport depends upon the difference of potential and not on the amount or amperage of the current. The colloids are removed, some to the positive pole, others to the negative. Victor Henri, and Mayer have constructed a list of negative and positive colloids. The natural colloids, placed in an electric field, are removed to one pole or the other. Starch and glycogen are negative. The lipoids, the suspensions of grease, and the lecithins are also negative. The immense majority of the albumins in their natural state are negative colloids. The pancreatic juice, the bile, and the biliary pigments are negative. Hawmoglobin is positive. The normal peritoneal liquid contains only positive globulins. The liquid coming from a tuberculous peritonitis, studied by Iscovesco and Monier-Vinard, contains negative globules. The pus of cold abscesses contains only negative colloids (Calve and Iscovesco). The normal urine is a negative colloidal suspension. The urine of a diabetic contains positive colloids. Joltrain and Comandon have determined the electric sign of certain microbes. The treponema of syphilis, the coli bacillus are negative; the spirilla, of recurrent fever, the trypanosomes of sleeping sickness are positive. The colloids of contrary sign are able to stabilize themselves reciprocally and the electrolytic solutions of different metalloids or metals may also produce the stabilization of colloids. The name complexes coll6idaux is given to the combination of colloids of different sign or of several colloids having different physical or chemical properties. In using onlv this study of the interactions of colloids according to their sign, Iscovesco has been able to make a great number of valuable reports which have been used to explain certain phenomena: viz., the coagulation of the blood, the action of the gastric juice and of the pancreatic juice, and the action of serum on the pancreatic juice. But besides their positive and negative characters, colloids have been classified, according to the greater or less facility with which they lose their colloidal properties, into two classes, stable colloids and unstable colloids. The stable colloids cannot be precipitated except by a relatively large quantity of acid, whereas only a fraction of similar bodies is sufficient to precipitate unstable colloids. To utilize them for therapeutic purposes they are fixed by the addition of a very small quantity of stable colloid of the same sign. They get in this way a kind of immunity against electrolytes and poisons, and they are afterwards made isotonic for injecting -purposes.
Catalytic Power.-The catalytic power is one of the most interesting properties of colloids. It is equally important from the chemical and the therapeutic points of view. A catalyser is a substance-which, being formed in the terminal products of a reaction, modifies the rapidity of this action. Such an action is called catalysis. An infinitely small quantity of a catalysing colloid is sufficient to accelerate a reaction. The experiment is one of the most simple. The addition of a very small quantity of colloidal platinum to a bottle containing oxygen water will release oxygen, sufficient to light a match. This may be repeated almost ad infinitum if you employ platinum in the proportion of 1 grm. in 70,000,000 litres of water. The catalytic action of these solutions and of inorganic ferments, as Bredig says, is stopped by the action of poisons, such as chloroform or hydrocyanic acid, qr by salts precipitating their solutioni. In that respect the action of colloidal metals can quite be compared to the action of diastases and of natural colloids. It is evident that a remedy with such properties must have definite action.
(B) EXPERIMENTAL STUDY.
One of the first facts established by V. Henri and Gompel in their experimental study is the harmlessness or almost absolute harmlessness of the action of electric colloidal silver on animals, either by ingestion, or by subcutaneous, intravenous, intraperitoneal, or intrapleural injections. The treatment can be continued a long time with pretty strong doses, at least for metals with small grains. After a time metals with large grains may produce at first an elevation of temperature, and afterwards nephritis, according to Foa and Aggazzotti.
Bactericidal Actionz.-The electric colloidal metals have in vitro a very high antiseptic power, as shown in their effect upon the white or golden staphylococcus, pneumrococcus, streptococcus, and colon bacillus. From this point of view the colloid mercury prepared by the electric method of Bredig and studied by Stodel, is miuch more active than the sublimate. The specific action of silver on Aspergillus fumtigatus is reinforced by the colloidal state of the metal. In vivo the colloidal metals increase the resistance of aninals to microbic infection. Rats and mice when injected with colloidal metals have more power of resisting pneumococcic injection. There is an elevation of the phagocytic coefficient-it is not because the leucocyte becomes endowed with new properties, but because in the serum some true specific opsonins are formed. Colloidal silver preserves rabbits fromn ten times the lethal dose of diphtheritic, tetanic, and dysenteric toxins. Even the phenomena of anaphylaxis themselves are influenced by colloidal metals. One can, without making them incur any risk, de-anaphylactize guineapigs, producing a state of anti-hypersensibility by injecting into their general circulation 5 to 10 cglu. of electro-argol. Physiological Action.
(1) Temperature.-Sometimes it has been noticed in experilments that an elevation of temperature of from 10 to 1°attains its maximunm from two to five hours after the injection, but with a return to its normal shortly afterwards. This temperature, reaction would appear to be attributable to an inequality in the size of the grains of the solution.
(2) Pulse and Artery Pressures.-Slight temporary elevation of the blood-pressure. No modification in the pulse.
(3) Blood and the Hwinatopoietic Organs. -Colloidal metals may produce a temporary polynuclear hyper-leucocytosis which lasts two days, and is replaced by a mononuclear and eosinophile reaction. The reaction of the haematopoietic organs is shown by a myelo-leucocytosis of the marrow of the bones, and an intense macrophagocytosis of the spleen. According to Stodel there is no haemolytic action if the solution is isotonic.
(4) Metabolism and Nutritive Exchanges.-The breathing quotient, the urea, uric acid, the total nitrogen-the nitrogen coefficient-the coefficient of nitrogen utilization, the urinary indoxyl, all rise during the two or three days following the injection of the metallic ferments, their absorption and elimination. Whichever way the colloidal metals are introduced, Henri and Gompel have always been able to locate them again in thc blood, the humours and tissues of the organism, including the bowel, liver, spleen, heart, and kidney, with the exception of the cerebrospinal fluid. iThey can be found two or three days after the injection-they eliminate themselves by means of the bile, the pancreatic juice, and above all by the urine (Mayer and Stodel).
Colloidal Metals in Therapeutics. Now that we have studied the colloidal metals and their physiological action let us turn to their indications and their therapeutic action.
(a) Local Infections.-In local infections, abscess of the breast, acute meningitis, cystitis, virulent pleurisy (pus), whereas in some cases it is superior to the usual methods, in other cases it does not give results very different from those furnished by various antiseptics. But in cases of bruises, suppurations, and wounds of the cranium, it will be found that the colloidal manganese.can be employed with great success.
(b) General Infections.-Medical or surgical septicomias-at the point of departure, local or general treatment. At the beginning of many acute, subacute and chronic diseases, which at a certain time of their evolution have infective characters, this treatment will be found to be more than justifiable. In the severe forms of infective disease with hyperpyrexial prostration or agitation, typhus fever, eruptive fevers, erysipelas, pneumonia or broncho-pneumonia, the death-rate would be reduced, according to Robin, from 29 to 13 per cent. by the use of this treatment. The same. holds good in puerperal infection, traumatic or operative septicaemias. It does not depend only upon the antiseptic power of colloidal metals, but also upon a more general action on the infective element or upon the infected organism.
One had thought at first that the catalytic power of colloidal metals would be able to give an indication of their therapeutic action, and i had been concluded that a palladiuin with a catalytic power of 250 ought to be much mnore energetic than colloidal silver of catalytic power 25, but it has not been found so. The view of Robin, who at one time believed that in principle it is not gold, silver, platinum or manganese which act, but rather material in the colloidal state, is in my opinion not correct. It seems to-day that the study of metallic ferments has advanced sufficiently for us to be able to establish for each of the metals a special indication according to their electric sign, and perhaps of their specific Brownian movements compared with the sign and movements of the invalid organism. In all the general infections of which we have just spoken colloidal silver is the best known and the most used in therapeutics. It seems to be well established to-day that it only gives undisputable results in certain defined streptococcal maladies. Colloidal mercury, studied by Stodel, has been successfully employed in intraspinal injections for syphilis of the nerves and tabes. Against cancer we use in France, after the experiments of Gaube du Gers, colloidal copper, which seems to have a specific action-at first, diminution of the pain, retrogression in certain cases of the tumour, which ceases to multiply, with amelioration of the general condition permitting sometimes longer life. MM. Lancien and Thiroloix have employed, after the results given by M. Wassermann, on cancerous mice by the ionized sileniate of soda, injections of electric colloidal silenium. The cancerous cell is an over-cultivated cell, and in consequence needs glycogen to enable it to live, but silenium presents in the organism a great affinity with glycogens. Hence it should stop the evolution of the neoplastic cell. In fact, one hears of pretty good results. The electro-palladiuimi, on account of its enormous catalytic power, has been successfully employed by M. Paul Tissier in the cure for obesity. Dr. Guard thinks that colloidal silenium is specific in the hypertrophy of the thyroid. Colloid rhodium gives excellent results in the septicsemias. Quite lately, Dr. Robin and Dr. Maillard have published (on the action of colloidal sulphur) such surprising results obtained in chronic rheumatism, and confirmed since by the clinical facts of M. Guilloteau, that I am sorry I have not time to expatiate upon them, When is it advisable to begin this treatment? Robin prescribes it from the beginning in pneumonia. Triboulet considers that the best time for the injection is at the commencement of defervescence when the leucocyte crisis, which they hasten and activate, is. beginning.
In every case it is wise not to delay too long in administering the remedy. One cannot revive the cardiac fibres, liver cells, or the urinary tubes when they have been destroyed. But we can provide the whole organism with mneans of local or general defence which will put these tissues beyond the reach of such a grave attack. Once the remedy has been commenced, it is advisable to continue it, even if it has already produced an immediate improvement. The re-ascent of temperature in a relapse would in all probability follow a too speedy cessation. One should be content with weak and frequent doses.
Mlode of Action of Colloidal Metals.
Bredig and Robin have examined the reaction of the organism with regard to colloidal metals, comparing them to the diastases. The colloidal state is common to thein both; many physical or chemical reactions can be similarly accomplished by them, and by an identical process. Their proper reactions are accelerated or delayed by the same agents, they are influenced in a similar manner by heat, both of them acting in an infinitesimal dose. Robin, mnoreover, has shown from the physiological point of view that ferments extracted from potatoes, or from diastase extracted from the yeast of beer, produce in the organism the same effects as the metallic ferments. Robin compares these ferments with certain substances which seem to act like diastase -anti-diphtheritic serum and normal serum of the horse, but he questions the diastatic property.
He also suggested that it was perhaps in virtue of their colloidal state that mineral waters acted. Special researches that have been made up6n this point have demonstrated to me that Robin was quite right, and that many medicinal waters can be considered colloidal solutions. I am sorry not to have time to enlarge on this special subject. Dr. Fortescue Fox tells me that he hopes on another occasion to develop this subject for me. I trust, if you are interested, that you will refer to this work.
In reality, all colloidal mnethods that we have employed in acute diseases give only relatively small results in chronic diseases, whilst medicinal waters seem to produce in chronic diseases an effect which can be compared with colloidal action in acute diseases. They have been especially studied from this point of view by Gl6nard and Salignat at Vichy, Foucault at Chatel Guyon, Debidour in Mont Dore, and by myself at La Bourboule. I have published a work on this subject, showing that in the water of La Bourboule can be found crystals, crystalloids and colloids. I believe them to be arsenical on account of the similarity of action which exists between colloidal arsenic and the water of Choussy-Perriere. We observe similar electric sign, similar toxicity, weaker than that of the arsenical comipounds, similar catalytic power, similar bactericidal action, similar action on anti-anaphylaxis and general immunity.
The colloidal electric metals, with their physico-chemical, catalytic, bactericidal and diastasic properties, furnish us with one of the most interesting methods which have been introduced of late years among practical therapeutic remedies. Not only are they directed to the cause of the disease, anti-infective, but, following Nature, they act in infinitesimal doses, which is not the least important of their attributes. These agents-for which one cannot say as of certain others, that while they kill the microbe they weaken the patient-add to this antiseptic power the property of producing a more efficient reaction of the organism. To a favourable physical action, common to all colloidal remedies, which chiefly has been studied up to now, will have to be added the specific therapeutic action found in the chemical properties of each of them. Medicinal waters, true colloidal serums, have in chronic disease an action that corresponds to that of colloidal metals in acute diseases, with indications made much more precise by clinical facts.
The future, we hope, will give to the colloidal remedies the place to which they are entitled in therapeutics.
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BouSQUET and ROGER. "'Les M6taux colloidaux electriques en Therapeutique. " Dr. LYN DIMOND (Nottingham): I must thank you for your kindness in permitting me, a visitor, to say a few words with regard to my limited experience of the therapeutics of these interesting states of the metals. That all these metallic ferments, so called, are strong bactericidal agents there can be no doubt. Two different colloids which I have tested with pyogenic and catarrh-causing organisms are Merck's 1 per cent. colloid mercury and Crooke's " collosal hydrarg." A 1 per cent. solution of Merck's colloid killed all the organisms tested within six minutes, that is to say in a dilution of 1 in 10,000; whilst the collosal hydrarg., a 1 in 2,000 solution, with a further dilution of 1 in 5, destroyed similar organisms in the same time. An interesting point is the fact that protection which is necessary in order to preserve these solutions has practically no effect upon their bactericidal powers, and when using unprotected colloids in a parallel series with those that were protected by one or other of the organic colloids commonly used for that purpose, practically identical results were obtained. As a result of frequent blood examinations following the injections of solutions of silver, mercury, platinum, gold and iron I have not been able to determine that there is any marked leucocytosis. In local inflammatory conditions, the study of the opsonic index usually shows a late rise followed by a slight fall, which may possibly be due to autoinoculation as a result of the bactericidal effect of the colloid injections. At any rate there is little or no change in the index following colloid injections in the healthy subject. Merck's colloid mercury in bi-weekly doses of 1 to 3 c.c. intramuscularly, or the collosal hydrarg. from 2 to 5 c.c., gives excellent results following one or more doses of salvarsan or neo-salvarsan in cases of specific disease, and I usually continue this for six months or more until after a provocative injection of salvarsan the Wassermann reaction remains negative. A protected colloid of iron prepared for me through the kindness of Mr. Henry Crookes has proved to be a valuable preparation. It is definitely antiseptic, though not so actively so as the colloids of mercury, silver, or platinum, and undiluted will kill Bacillus typhosus and Bacilluts coli within six minutes. As a topical application, as well as by internal administration, I have found it valuable in both local and general catarrhal conditions. The doses which I have found most useful have been from 2 to 5 c.c., and when administered hypodermically or by intramuscular injection in cases of chlorosis and in debility and anaemia following pneumonia, influenza, syphilis, surgical tuberculosis, &c., it is followed by marked increase of the hemoglobin and red blood corpuscles. In cases of erysipelas and cellulitis this metallic colloid is almost specific and its hypodermic administration has a marked effect in bringing about resolution of the inflammatory symptoms and shortening the usual course of the disease. In pernicious anaemia no permanent results were obtained. Dr. Day, Physician to the Kasr-el-Ainy Hospital, Cairo, is at present using it in the treatment of the anemia of ankylostomiasis. In addition to the therapeutic use of these colloids, colloid gold has been used to distinguish between different organic colloids by means of a test devised by Siedentopf and Zsigmondy, called the gold number. Applying this test to the colloid proteins of the cerebrospinal fluid, preliminary investigations seem to indicate that it may be an additional means of differential diagnosis of such diseases of the central nervous system as general paralysis of the insane, locomotor ataxy, epilepsy, &c.
